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Detection of trace amounts of molecules in multi-species mixtures is important for
many purposes, ranging from chemical dynamics in complex environments to breath anal-
ysis. 2DIR spectroscopy is a powerful tool for studying both molecular structure and dy-
namics. It can provide better selectivity than linear spectroscopy due to the extra degrees
of freedom for distinguishing the components of a complex mixture, but its application to
trace-gas detection has been hindered by insufficient sensitivity and resolution of the tech-
nique. Cavity-enhancement methods for ultrafast nonlinear spectroscopy using frequency
combs have the potential to overcome this problemb.
In 2DIR spectroscopy of coupled vibrational modes, it is common to use specific
beam polarization angles to suppress parts of the molecular response and simplify struc-
ture determinationc. Here we show how to suppress parts of the rotational response of a
single vibrational mode. We provide specific polarization angles that suppress diagonal or
antidiagonal peaks, or the pathways with interstate coherences after the second excitation.
We present simulations for carbon monoxide that demonstrate the effect of eliminating
specific pathways on 2DIR rotationally-resolved spectra.
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